A new synthesis for 2,3-diarylxanthones is described. This was accomplished by aldol condensation of 3-bromo-2-methylchromone with benzaldehydes leading to the formation of 3-bromo-2-styrylchromones, followed by Heck reaction with styrenes.
Xanthones (dibenzo-g-pyrones) are a group of heterocyclic compounds, which are widely distributed in Guttiferae and Gentianaceae families. However, as aglycone derivatives, they also occur in six other families and xanthone-C-glycosides are widespread among angiosperms. 1 Due to their potential biological properties, compounds with a xanthone core are of great interest for chemists, biologists and pharmacologists. Natural and synthetic derivatives have shown important anti-microbial, anti-tumour, anti-inflammatory as well as antioxidant activities. 1, 2 The biogenesis of xanthones largely dictates the nature and position of substituents. The development of new synthetic routes extends the possibilities of having other types of substituted xanthones for biological assessment and for the rationalisation of structure-activity relationships. In the present communication we report a new synthetic route to novel 2,3-diarylxanthones. To the best of our knowledge, xanthones bearing aryl substituents are scarce and no natural or synthetic xanthones have been reported with a 2,3-diaryl substitution pattern. A European Patent 3 describes the use of 2-phenylxanthone as solvent in the synthesis of aromatic polyketones whereas Kelkar et al. 4 reported the synthesis of 3-phenylxanthone derivatives from the Diels-Alder reactions of 2-styrylchromones with substituted enamines.
Several methods have been extensively described in literature for the synthesis of xanthones. The traditional synthetic route involves the bonding of two benzene rings through a pyran unit. The carbonyl group can be introduced by a Friedel-Crafts acylation or a Fries rearrangement, among others. However, these procedures usually present low yields and a range of secondary reactions. 5 We report here a new synthesis of several novel 2,3-diarylxanthones, starting from 2¢-hydroxyacetophenone (Schemes 1-3).
3-Bromo-2-methylchromone (4) was prepared in good overall yield according to the sequences shown in Scheme 1. In the three-step sequence, known as the Baker-Venkataraman 6 method, we performed the acetylation of 2¢-hydroxyacetophenone (1) followed by treatment with sodium hydride or potassium tert-butoxide, in refluxing dry THF, leading to 1,3-diketone 3 (via intramolecular Claisen condensation). A modified BakerVenkataraman process proposed by Ares et al.,
7 involving a one-pot synthesis, was also applied to the formation of the 1,3-diketone 3 (80%). Bromination and cyclisation of this 1,3-diketone 3 into the desired 3-bromo-2-methylchromone (4) was achieved in an one-pot synthesis, using 1.5 mol of bromine in ethanol followed by acidification. Several methods have been applied to the synthesis of 2-styrylchromones; one of which involves the condensation of 2-methylchromones with benzaldehydes. 9 Extension of this methodology to the reaction of 3-bromo-2-methylchromone (4) with benzaldehydes 5a,b allows access to 3-bromo-2-styrylchromones 6a,b (Scheme 2).
10, 11 We have found that it is necessary to use an excess (4 molar equiv) of base and extended reaction times to obtain the best yields ( Table 1) . The low yield of 3-bromo-2-styrylchomone 6b when compared with that of compound 6a, can be explained by considering the lower reactivity of the 4-benzyloxybenzaldehyde (5b), due to the presence of an electron-donating group in the 4-position.
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Over the last three decades, palladium-catalysed coupling of olefins with aryl-or vinyl halides (the Heck reaction) has become one of the most versatile methods for C-C (ii)
This is a copy of the author's personal reprint l l This is a copy of the author's personal reprint l bond formation in organic synthesis. 13 In our work, the olefins are the styrenes 7a-c and the bromine derivatives are the 3-bromo-2-styrylchromones 6a,b (Scheme 3).
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In the first instance, we applied the Heck conditions to the reaction of 3-bromo-2-styrylchromone 6a with styrene 7a (Scheme 3). TLC analysis of the reaction mixture revealed the presence of a major and a minor product. The NMR spectrum of the main product indicates that we had the 2,3-diphenylxanthone 8a, 15 and not the expected 2,3-distyrylchromone 9a. The analysis of the NMR spectrum of the minor compound revealed the presence of 2,3-diphenyl-3,4-dihydroxanthone 10a, 16 a semi-oxidized intermediate of the final xanthone. This fact indicates that the Heck reaction leads to the formation of the 2,3-distyrylchromone 9a, and probably the high reaction temperature promotes the electrocyclisation followed by oxidation, to give the 2,3-diphenylxanthone 8a. The same type of thermal electrocyclisation has been already reported 17 while the further oxidation is promoted by the aromaticity of the final compound.
When we applied the same Heck conditions to the reaction of 6a,b with other styrenes similar results were obtained in each case: a major product corresponding to 2,3-diarylxanthones 8b-f and the minor product, corresponding to the semi-oxidized products 10b-f, were obtained.
The formation of compounds 10a-f can be explained by the mechanism depicted in Scheme 3. The Heck reaction of 6a,b with styrenes 7a-c leads to the formation of the 2,3-distyrylchromones 9a-f which undergo in situ electrocyclisation to give 2,3-diaryl-2,3-dihydroxanthones 11a-f and these compounds are converted into 2,3-diphenyl-3,4-dihydroxanthones 10a-f by a [1, 5] sigmatropic hydrogen migration. This [1, 5] sigmatropic hydrogen shift is facilitated by the resonance stabilisation of the chromone nucleus and by the acidity of H a of compounds 11a-f due to the resonance with carbonyl group.
After this study, an extensive investigation into the coupling reaction conditions of 3-bromo-2-styrylchromones 6a,b with styrenes 7a-c was performed. 18 This involved varying the amount and type of base, phosphine and catalyst and also several solvents, temperature and reaction time; the best obtained yields being accomplished with the conditions described in Table 2 . (Figure 1 ). In the HMBC spectra of 3,4-dihydroxanthones 10a-f it was possible to observe the connectivity between protons H-1 (singlet) and H-8 (double doublet) with carbon C-9. In the NOESY spectrum of compound 10f 20 it was possible to observe the close proximity of H-1 with H-2¢ and H-6¢ and of H-3 with H-2¢, H-6¢, H-2¢¢6¢¢and H-4cis and H-4trans with H-2¢¢6 ¢¢.
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Figure 1 Main results obtained in the HMBC (connectivities) and NOESY (close proximity) spectra of compounds 10
In conclusion, we have established a new route for the synthesis of novel 2,3-diarylxanthones 8a-f. The condensation reaction of 3-bromo-2-methylchromone (4) with benzaldehydes 5a,b led to the formation of new derivatives of 2-styrylchromone 6a,b. The Heck type reaction of these derivatives with styrenes 7a-c provides the novel 2,3-diarylxanthones 8a-f and 2,3-diaryl-3,4-dihydroxanthones 10a-f. Sodium (0.4 g, 16.7 mmol) was gradually added to 20 mL of dry MeOH and the mixture was stirred until the solution reached r.t. 3-Bromo-2-methylchromone 4 (1 g, 4.2 mmol) and the appropriate benzaldehyde 5a,b (5.0 mmol) were added and the reaction mixture allowed to stand at r.t. for 48 h. After this period, the solution was poured into ice and H 2 O and the pH adjusted to 4 with HCl. The yellow solid was removed by filtration, taken up in CH 2 Cl 2 and purified by silica gel column chromatography using CH 2 Cl 2 as eluent.
The solvent was evaporated to dryness and the residue was recrystallised from EtOH to give the 3-bromo-2-styrylchromones 6a,b in good yields (Table 1) A mixture of the appropriate 3-bromo-2-styrylchromone 6a,b (0.6 mmol), PPh 3 (15.7 mg, 0.06 mmol), tetrakis(triphenylphosphine)palladium(0) (34.7 mg, 0.03 mmol) and Et 3 N (83.6 mL or 334.5 mL, 0.6 or 2.4 mmol) in N-methyl-2-pyrrolidinone (10 mL) was added to styrenes 7a-c (3 mmol). Each reaction was stirred under different conditions of time and temperature according to the substitution of the compounds (Table 2) chromatography (a 7:3 mixture of CH 2 Cl 2 -light PE as eluent). The product was crystallised from EtOH giving, in each case, the 2,3-diarylxanthones 9a-f (yields described in Table 2 , 1 H, H-1) . 13 unpublished results.
